The conserved portion in bacterial ribosomal RNA was studied by the DNA-RNA hybridization method. The hybridization percentages were as follows : Bacillus subtilis DNA and B. subtilis 23S rRNA, 0.16 ; Escherichia coli DNA and E. coli 23S rRNA, 0.15 ; B. subtilis DNA and E, coli 23S rRNA, 0.03; E. coli DNA and B. subtilis 23S rRNA, 0.04. The RNA's extracted from the heterologous hybrids could be rehybridized with DNA's of B. subtilis and E. coli. The average chain lengths of the RNA's were estimated by sucrose density gradient centrifugation and Sephadex gel filtration. The results suggested that the size might be larger than 30 nucleotides.
The formation of DNA-RNA hybrids between DNA's of various kinds of bacteria and ribosomal RNA of Bacillus subtilis has been reported in a previous paper (1). When DNA of B. subtilis, Staphylococcus epidermidis, or Escherichia coli was hybridized with the ribosomal RNA, the DNA-RNA hybridization indices were 100, 54, and 22, respectively.
The DNA-DNA hybridization indices were 100, <5, and <5, respectively, when DNA's of above stated bacteria were hybridized with DNA of B. subtilis (2). It was presumed from these results that a portion of ribosomal RNA cistrons in these bacteria might have been conserved, without being subjected to any significant alteration, during the course of evolution (1). Similar results and concept have been presented by Di and IGARASHI (3) , and by DUBNAU et al. (4) .
To investigate chemical nature of the common portion (conserved portion) that might exist in the ribosomal RNA's of B, subtilis and E. coli, the following studies were made.
MATERIALS AND METHODS

Bacterial strains.
A sulfanilamide-resistant mutant of Bacillus subtilis Cells were grown in a polypepton-yeast extract medium (1) when DNA and unlabeled RNA were to be prepared.
For the labeling of ribosomal RNA, cells were grown in Tris-glucose medium (1).
Preparation of DNA. Cells were cultivated aerobically on a shaking machine at 30° and, when the growth reached the late exponential phase, collected by centrifugation.
DNA was prepared by the phenol-pH 9 buffer method (5) (the procedure involved the treatment with ribonuclease I (EC 2, 7.7.16)).
Preparation of uniformly labeled rRNA. 32P-labeled rRNA was prepared by the method described in the previous paper (1). B, subtilis was grown in Tris-glucose medium containing 3 x 10-4 M phosphate, and E. coli in Trisglucose medium containing 2 x 10-4 M phosphate.
In each case, 400 pCi of carrier-free 32P-orthophosphate was added to 10 ml of the culture. The two rRNA's, 16S and 23S, were purified by chromatography on a methylated albumin-kieselguhr (MAK) column prepared according to MANDELL and HERSHEY (6). Fractional elution was carried out with the use of an exponential gradient of NaCI (0.5 M and 1.5 M, each 300 ml) dissolved in 0.05 M phosphate buffer (pH 6.8). The peak fraction of 23S RNA was pooled and dialyzed against approx. 200 volumes of 2 x SSC (0.3 M NaCI and 0.03 M sodium citrate).
The resulting preparation was used for the hybridization experiments. The 16S rRNA was not studied.
Preparation of other RNA's. Unlabeled rRNA was prepared from the cells that had been cultivated under the conditions employed for the preparation of DNA. The RNA was purified on an MAK column and the peak fractions were collected.
Ribosomal RNA of yeast was prepared from the ribosome fraction by phenol extraction and ethanol precipitation. The ribosome fraction was prepared from a lysate of exponentially growing cells of baker's yeast (Oriental Yeast Co., Tokyo) by differential centrifugation. Soluble RNA's (sRNA) of E. coli and yeast were prepared from the supernatant fraction of the lysate after centrifugation at 105,000 x g for 120 min. These RNA's were purified by repeated phenol extraction and ethanol precipitation.
DNA-RNA hybridization. The DNA-agar method originally described by MCCARTHY and BOLTON (7, 8) was used for the assay and isolation of DNA-RNA hybrid. The procedures were essentially the same as those described previously (1) with one exception ; RNase I (3 pg/ml, Worthington Co., U.S.A.) and RNase TI (10 units/ml, Sankyo Co., Tokyo) were used for the digestion of non-hybridized RNA. Usually, 200 mg of DNA-agar containing about 20 pg of heat-denatured DNA was used. Sucrose density gradient centrifugation.
RNA was recovered from the DNA-RNA hybrid by the method described previously (1). The RNA fraction was layered on a 2.5-15% sucrose density gradient and subjected to centri fugation at 4° for 13 hr at 35,000 rpm using an SW 39 rotor of Spinco L type ultracentrifuge.
Sephadex gel filtration. Sephadex G-25 fine, G-50 fine, and G-100 were purchased from the Pharmacia of Uppsala. The samples were eluted with 0.01 M Tris-HC1 (pH 7.0) plus 0.1 M NaCI.
Chemical analysis. The nucleotide composition of the RNA in the DNA-RNA hybrid was determined by the following method. The whole agar containing the DNA-RNA hybrid was mixed with 1 ml of 0.3 N KOH solution, and the mixture was digested at 37° for 18 hr. The digest was neutralized with perchloric acid after centrifugation at low speed, and the supernatant was adsorbed on a Dowex-1 column (1 x 15 cm) that had been equilibrated with formic acid. The elution was carried out with an exponential gradient of formic acid from 0 to 4 N as described by NONOYAMA (9). An aliquot of 3.5 ml each of the fraction was used for the determination of radioactivity.
RESULTS
Extent of structural homology between 23S rRNA's of B, subtilis and E. coli
Hybridization experiments were conducted between the following combi. nations by the method stated previously.
I. B. subtilis DNA x 32P-labeled B. subtilis 23S rRNA II. E. coli DNA x 32P-labeled B. subtilis 23S rRNA III. E, coli DNA x 32P-labeled E. coli 23S rRNA IV. B. subtilis DNA x 32P-labeled E. coli 23S rRNA When a definite amount of DNA (B. subtilis; 34 teg or E. coli; 24 rig) was reacted with increasing amounts of labeled 23S rRNA, a saturation was attained at a definite amount of rRNA. The percentages of DNA that took part in the hybrid formation at the saturation level were calculated to be 0.16 and. 0.15 in the isologous combinations (I and III, respectively) and 0.04 and 0.03 in the heterologous combinations (II and IV, respectively). The result is consistent with the data presented in the previous paper (1).
The heterologous hybrid formation was confirmed by the competition experiments.
As indicated by Figs. 1-a and 1-b the hybrid formation (I and III) was inhibited to the same degree by the addition of heterologous 23S rRNA. These results strongly suggest that at least a portion of the 23S rRNA of B, subtilis and that of E. coli have a similar structure.
Size of RNA that participated in the heterologous hybrid formation RNA was extracted from each hybrid and subjected to sucrose density gradient analysis.
The result suggested that the size might be around 3S.. One example is shown in Fig. 2 .
The size was also estimated by the gel filtration technique. When passed through Sephadex G-100, the RNA gave two peaks. It is surmised from this TAKAHASHI, SAIT0 AND IKEDA VOL. 15 result that the chain length of the RNA might be larger than 30 nucleotides (Fig. 3) .
Reannealing of recovered RNA with DNA If the RNA's contained in the heterologous hybrids represent the common portions of two ribosomal RNA's, the RNA's must anneal with isologous as well as heterologous DNA's. To test this problem, the RNA recovered from the isologous or heterologous hybrid was annealed with isologous and heterologous DNA's. The newly formed hybrids were treated with RNase I and RNase TI. Table 1 shows that the E, coli rRNA recovered from the isologous hybrid III anneals well with E. coli DNA, but that from the heterologous hybrid IV anneals less with E. coli DNA. The high efficiency of hybrid formation in the former might be due to the fact that the RNA consists of a common portion and an uncommon portion.
The RNA recovered from hybrid IV annealed at a lower efficiency with DNA of B. subtilis than with DNA of E. coli. 1-a. The solution consisted of 32 pg of B. subtilis DNA, 1.6 pg of 23S 32P-rRNA of B. subtilis, and increasing amounts of nonlabeled 23S rRNA of B. subtilis (--0--) or E. coli (-h-) .
Yeast soluble-RNA (-+-) was used as a reference. Incubation was done at 60° for 12 hr and, after RNase treatment and washing, radioactivity in the DNA-agar was assayed. The activity is expressed as percentage radioactivity of the control hybrid (B. subtilis DNA and B. subtilis 23S 32P-rRNA. The ratio of bound RNA to input DNA was 0.16%).
1-b. The solution consisted of 24 pg E. coli DNA, 0.74 pg of 23S 32P-rRNA of E. coli and increasing amounts of nonlabeled 23S rRNA of E. coli (--0--) or B. subtilis (----) . (The control is the hybrid produced between E. coli DNA and E. coli 23S 32P-rRNA . The ratio of bound RNA to input DNA was 0.15%.)
Nucleotide composition of the conserved RNA Table 2 shows the nucleotide compositions of the RNA's in the hybrids I, II, III, and IV, and competed hybrids (I' and III'). It is clear from the table that the nucleotide compositions of the conserved RNA's (II and IV) are distinct from those of whole rRNA's (I, I', III and III') ; the former RNA's contain high molar percentages of cytidylic acid and the latter RNA's high molar percentages uridylic acid.
DISCUSSION
The data presented from two laboratories in U.S.A. (3, 4) and one laboratory in Japan (1) were in good agreement in the following points : (a) The Fig. 2 . Sucrose density gradient analysis of the labeled RNA recovered from heterologous hybrid. 23S 32P-rRNA of E. coli was hybridized with B. subtilis DNA. After RNase treatment and washing, the hybridized RNA portion was eluted as described in MATERIALS AND METHODS.
The RNA was centrifuged in a sucrose gradient (2.5-15%) for 13 hr at 35,000 rpm at 4°. Two-drop fractions were collected and used for radioactivity assay. The DNA-rRNA hybridization percentages are 0.16 and 0.15 of the DNA's in the isologous hybrids (I and III, respectively) and 0.04 and 0.03 in the heterologous hybrids (II and IV, respectively). Accordingly, it is roughly calculated that 20-27% of the rRNA from E. coli or B. subtilis can hybridize with DNA's of both E, coli and B. subtilis.
Whereas the above stated calculation was made on the preposition that isologous and heterologous hybrids are formed by the same mechanism and at an equal efficiency, there is one datum which throws doubt on the preposition. As shown in Table 1 , the rRNA (E. coli) extracted from hybrid IV hybridizes with E. coli DNA at a yield (6.6%) higher than that with B. subtilis DNA (3.9%). This result suggests that the hybridization between the rRNA and B, subtilis DNA may not be so complete as that between the rRNA and E. coli DNA. Recently, a similar view was presented by MOORE and Mc- CARTHY (1O). According to their paper, the hybrids produced between heterologous DNA and rRNA of Enterobacteriaceae melted at a lower temperature than those produced between isologous DNA and rRNA.
On this basis, we think that the common portion in the E. coli 23S rRNA and the B, subtilis 23S rRNA may be smaller than 20% of the total rRNA. It has been reported by SUGIURA and TAKANAMI (11) that the rRNA's of B. subtilis, B, stearothermophilus, and B, cereus have similar base sequences in the neighborhood of 5' termini.
Such similar portions might exist in several places on the polynucleotide chains of rRNA's.
Recently, NOMURA et al. (12) have succeeded in the reconstruction of active ribosomes from ribosomal RNA and protein of heterologous origins and suggested that the rRNA's of E, coli and B. stearothermophilus (or Sarcina lutea) might have structurally similar portions.
The present study also supports the above view. If the similar portion is concerned in the construction of a ribosome from rRNA and protein, it is assumed that the portion may be GC rich. The data in Table 2 (Each figure Nucleotide compositions of the RNA's that hybridized with isologous and heterologous DNA's.
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